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CONTROLLED RELEASE PREPARATION 

FIELD OF THE INVENTION. 

5 

This invention relates to the controlled release of active compounds, 
particularly phamiaceutically active compounds. More particularly, it relates to 
the use of the interaction of a complexing agent with a phamnaceutically active 
compound or other active compound as a release control mechanism, in 
10 combination with an Ionic polymer supporting matrix, for example to improve 
targeting of the phamiaceutically active compound to the desired site of action 
of the compound. 

BACKGROiJND OF THE INVENTION. 

15 

In Its broadest aspect, the present invention extends to a preparation for 
the controlled release of any chemical compound which has a particular activity, 
for example In the industrial or agricultural fields as well as in the medical and 
veterinary fields. 

20 

The present invention is described in detail herein with particular 
reference to the targeting of cytotoxic or cytostatic drugs, particulariy the 
anticancer drugs doxorubicin (DOX) and cisplatin (CDDP), to a tumour site in a 
human or animal patient, however it will be understood that the present Invention 
25 is not restricted to delivery of these particular anticancer dmgs and in one 
preferred aspect extends to the delivery of any pharmaceutically active 
compound. As noted above, in its broadest aspect this invention extends to the 
controlled release of active compounds in general. 

30 The incorporation of active cytotoxic dmgs into controlled release matrices 

has been demonstrated to have potential useful applications for the treatment 
of cancer. Th se drug-polymer complexes can b administered by eittier direct 
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10 



injection into th tumour, or by embolisation in the form of microspheres into the 
art rial circulation of the target organ containing the tumour. Both embolisation 
into the arterial circulation and direct injection into solid tumour deposits are 
recognised fomis of regional cancer therap/^. In the situation where the drug- 
polymer complex is embolised into the arterial circulation of a cancer bearing 
organ, the dmg-polymer complex is manufactured In the torn of small particles 
or microspheres, usually in the size range of 10-200 micron in diameter. When 
the drug-polymer complex is administered directly into the tumour, the same 
fomiulation may be used but without the necessity to fbmi microspheres. 

There are two basic requirements for this fonn of therapy to be effective. 
First, there is a need to localise sufHcient quantities of the drug at the target site 
to have the desired cytotoxic effect. Second, there is a need to control the rate 
of delivery-into-the.tumour.milieu,that will cause maximglffll destmction. To^ 
15 achieve these. It is essential to design 6r develop a polymer matrix system that 
can carry a high load of cytotoxic drug as well as provide a controlled or 
sustained drug release profile. 

This often poses a problem for the fontiulation of sustained release 
20 matrices, it is frequently observed that matrices with a high drug loading release 
the drug rapidly, known as a "burst release" effect This is most likely a result 
of weak bonding or superficial location of drug during the fbmnulation of the high 
loading matrix. The conventional approach of using a coating technique may 
sustain the release of drug, but usually decreases the dnjg loading of the 
25 system^. 

In the treatment of patients with cancer using regional chemotherapy, it 
is desirable for the drug-polymer complex to be degradable so that repeated 
doses can be given. Therefore, rt is necessary to also construct a drug-polymer 
30 complex that will degrade within the tissues of the body. 
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For a sustained/controlled release system, the rate of drug release is 
determined to a large extent by the interaction between the drug and polymer 
matrices which is influenced by the method of drug incorporation. Drugs usually 
can be incorporated into the controlled release systems by the following 
5 simplified means: physical entrapment, ionic interaction and covalent binding. 
Physical entrapment allows medium to high drug loading but usually drug 
releases too rapidly, ionic interaction can also give good drug loading but burst 
release can still be a problem. Covalent binding results in low drug loading and 
slow release rate. For biodegradable polymer matrices, the rate of degradation 
10 will also influence the drug release rate in vivo. 

Doxorubicin (DOX), an anthracycline, is one of the most widely used 
drugs for the treatment of cancer. Hov^sver. systemic adminisfration of this 
agent ca^ result in cardiotoxicity and otiier tissue damage and this has led to 
15 attempts to develop systems which target DOX more direcUy to tiie tumour site. 
One of the most promising of these is to inject microspheres containing DOX 
into the vasculature supplying tiie tumour with the intent ttiat ttie microspheres 
become embollsed and then release their drug, over a sustained period of time, 
into the environment of the tumour. 

20 

The original approach was to use microspheres prepared by polymerising 
albumin in the presence of DOX"*^ but these particles suffered from the 
disadvantages of having low loading capacities (1-13%) and an initial burst 
release profile. The inclusion of polyanionic compounds such as poly a-L- 

25 glutamic add^ poly 0-L aspartic acid^° or heparin^^ into the fbrnnulation of 
albumin microspheres has improved these loading and release characteristics 
to some extent An altemative approach has been to use commercially available 
anion-exchange resins containing sulphonic acid groups to bind DOX^^-^^ These 
particles demonstrate high loading capacities and excellent release 

30 characteristics and have shown considerable promise in treating rat liver and rat 
hind limb tumours^^'^^ However, although non-toxic, these microsph res do not 
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app ar to degrad in vitro or in vivo which may limit their use in those pati nts 
wh re furth r applications of drug treatment are necessary. 

One object of the work leading to the present invention has been to 
5 provide a system with high drug loading, sustained release but minimum burst 
release effect and biodegradabilrty. In one aspect of this work, the present 
inventors have developed a biodegradable ionic polymer as the matrix, and used 
an ionic interaction as the drug-polymer binding mechanism which has achieved 
a high drug loading. The inventors have also developed the formation of drug- 
10 metal ions complexes to suppress the burst release. This has resulted in a 
earner matrix with all the required properties for clinical use. 

DESCRIPTION OF THE INVENTION. 

15 r AccoSing to the preseTrt invention, there is provided a controlled release 
preparation comprising an ionic polymer matrix loaded with an active compound, 
for example a phamnaceutically active compound, said active compound being 
complexed with a complexing agent to modify the release of the active 
compound from the polymer matrix. 

20 

As used throughout this specification and the claims which follow, the 
term "pharmaceutically active compound" is to be understood as encompassing 
compounds which have therapeutic activity and which are used in either or both 
of the human pharmaceutical and veterinary fields. 

25 

Preferably, the ionic polymer matrix is provided in the fonm of 
microspheres, for example microspheres in the size range of 10-200 micron in 
diameter, and preferably in the range of 20-70 micron in diameter. Such 
microspheres are particulariy appropriate where the controlled release 
30 preparation comprises a phamnaceutically activie compound and is to be 
administered parent rally, for exampi intravenously, intraarterially or by direct 
injection. It is to be understood, however, that the controlled release preparation 
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of this invention can b appli d to or incorporated into oth r typ s of 
fbmfiulations or drug delivery systems such as suspension, emulsion, liposome, 
nanoparticle. microcapsule/microparticle, conjugate/aggregate, implant, disc, film 
and membrane delivery systems. 

5 

in essence, the present invention involves the complexing of the active 
compound in the supporting ionic polymer matrix as a mechanism to control the 
release of the active compound. Experimental results using pharmaceutically 
active compounds demonstrate that this complexing results in many advantages 
10 over other drug-matrix fomnulatiohs, including high loading reduction of initial 
burst release of active compound, control of release of active compound, and 
biodegradability. 

_ ___ _ In jicco^ance wjth one particular aspect of the present invention, the 

15 drug-metal ion complexation has been developed to minimise burst release 
without affecting the favourable high drug loading of the system. It is known that 
certain metals have affinity to drugs as well as to polymers^®. In some cases, 
the drug-metal complexes can be biologically active. DOX-iron is an example^^. 
However, drug-metal ion complexation has not been proposed before as a 

20 control release mechanism for drugs. In this regard, rt should be noted that the 
present invention is not directed to the controlled release of DOX-iron, but rather 
the use of the fomiation of DOX-metal ion and DOX-metal ion-polymer 
complexes as a control release mechanism to provide a system with 
optimum/desirable release of native DOX. Based on the experimental data 

25 herein, it appears that the complexation of metal ions with DOX. and especially 
weakly bound DOX. forms a macromolecule networic within the polymer 
matrices. This results in the slow release of DOX. Because the amount of 
metal ions required to form the complexes is very small, initial drug loading is 
not affected by this technique. Use of different ratios and types of metal ions 

30 allows the formulation of a matrix system with versatile and sustained drug 
release profiles, while at the sam time maintaining the high I vel of drug 
loading. 
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In one preferred aspect of this invention, microspheres of crosslinked 
albumin and dextran sulphate are used as polymer matrices for ionic drugs such 
as DOX and CDDP, providing both the supporting structure and anionic sites for 
the cationic drugs OOX and CDDP to achieve high drug loading. In this 
5 embodiment, albumin and dextran sulphate represent two groups of polymers, 
one providing the supporting networic and the other being a potential ionic 
exchanger. Both albumin and dextran sulphate can be replaced by other 
polymers which have the similar properties, such as by transfemn and 
chondroitin sulphate, respectively. In some cases, the two polymers can also 
10 be replaced by one polymer system which can provide both supporting and ionic 
binding functions, such as an ion exchange resin, for example polystyrene- 
divinylbenzene based ion exchange resin or SP-Sephadex. The same principle 
can also be applied to formulations of pofymer matrices for anionic dnjgs, by 
. employing pplynriers conteinin groups. 

15 

The ionic polymer matrix of the controlled release preparation of this 
invention may be biodegradable or non-biodegradable. Examples of non- 
biodegradable polymer matrices are the ion exchange resins such as 
polystyrene-diviriylbenzene based ion exchange resin as described above. 

20 

The polymer matrix comprising crosslinked albumin and dextran sulphate 
described above is one example of a biodegradable polymer matrix. In such a . 
matrix, dextran sulphate is used as an ionic agent to form an ionic polymer 
matrix to interact with and control the release of active compounds containing 

25 cationic groups. Examples of other ionic agents tiiat can be used instead of 
dextran sulphate include amylopectin sulphate, can^geen, chondroitin sulphate, 
heparin sulphate, heparin, fucoidan, polyaspartic acid, polyglutamic acid, 
polyinosinic acid, polylactic add, polyvalent polymeric acids, SP-Sephadex, CM- 
Sephadex. dextran sulphate cellulose, dextran sulphate agarose, cationic ion- 

30 exchange resins and any other agents that contain acidic/anionic groups. 
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Albumin such as bovine or human serum albumin may be used in the 
biodegradable ionic polymer matrix as a supporting material. Various other 
supporting materials may be used instead of albumin in these matrices, including 
for example casein, gelatin, haemoglobin, transfemn, collagen, fibrinogen, fibrin, 
5 zein, ferritin, actin. and any other agent of similar nature that can fomi ionic 
polymer matrices with dextran sulphate or any ionic agent above. 

Preferably, metal ions are used to complex the active compound loaded 
onto the ionic polymer matrices to modify and hence to control the release 
10 characteristics of the active compound. Examples of metal ions that can be 
used as complexing agents include iron, copper, zinc, cobalt, chromium, nickel, 
palladium, zirconium, titanium and vanadium. Otiier agents which can fomi a 
complex with the active compound, such as chitosan in the case of CBBP and 
other mjtal-based active compounds, may also be used. 

15 

The complexing agent is preferably one which will retard the release of 
tiie active compound. Where the active compound is DOX, this complexing 
agent is preferably the Fe ion. 

20 As previously described, any suitable active compound may be loaded 

into the ionic polymer matrix in accordance with this invention, including 
pharmaceutically active compounds, for example cytotoxic or cytostatic drugs 
such as doxorubicin, daunorubicin and cispiatin. 

25 It has been found that a polymer matrix comprising albumin-dextran 

sulphate microspheres (A-DMS) possesses high loading capacities with respect 
to DOX. The rate of release of DOX from these microspheres can be conti-olled 
by loading the microspheres to varying extents and by to^ating the loaded 
microspheres with different concentrations of iron to form a complex with 

30 DOX"'^** which alters the binding of DOX to tfie microspheres. 
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In yet another asp ct, this invention provides a pharmaceutical 
composftion which comprises a controlled release preparation as broadly 
described above wherein the active compound is a phamiaceutically active 
compound, together with a pharmaceutically acceptable carrier and/or diluent 

5 

The formulation of such pharmaceuticai compositions is well known to 
persons skilled in this field. Suitable pharmaceutically acceptable cam'ers and/or 
diluents include any and all conventional solvents, dispersion media, aqueous 
solutions, antibacterial and antifungal agents, isotonic and absorption delaying 

10 agents, and the like. The use of such media and agents for phamiaceutically 
active substances is well known in the art, and it Is described, by way of 
example, in Remington's Phannaceubcal Sciences. 18tii Edition, Mack 
Publishing Company, Pennsylvania, USA. Except insofar as any conventional 
media or agent is incompatible with the active ingredient, use thereof in the 

15 phamiaceutical compositions of the present invention is contemplated. 
Supplementary active ingredients can also be incorporated into the 
compositions. 

In a further aspect, the present invention provides a mettiod of treatment 
20 of a human or animal patient which comprises administi^tion to the patient of a 
therapeutically effective amount of a conti^olled release preparation as broadly 
described above wherein the active compound is a phamiaceutically active 
compound. In this aspect, the invention also extends to the use of a controlled 
release preparation as broadly described above wherein the active compound 
25 is a phamiaceutically active compound in the manufacture of a phamiaceutical 
composition for use in treatment of a human or animal patient 

A variety of administo^tion routes are available for use in the ti-eatinent of 
a human or animal patient The particular mode selected will depend, of course, 
30 upon the particular condition being treated and tiie dosage required for 
tiierapeutic efficacy. The methods of tiiis inv ntion. generally sp aking, may be 
practised using any mode of administi^tion tiiat is medically acceptable. 
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meaning any mode that produc s therapeutic levels of the phamnaceutically 
active compound without causing clinically unacceptabi adverse effects. Such 
modes of ad;vunistration include parenteral (e.g. subcutaneous, intramuscular 
intraarterial and intravenous) routes. 

5 

Compositions suitable for parenteral administration conveniently comprise 
a sterile aqueous preparation of the active compound which is preferably isotonic 
with the blood of the recipient. The sterile injectable preparation may be a 
sterile injectable solution or suspension in a non-toxic parenterally-acceptable 
10 diluent or solvent. Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution and isotonic sodium chloride solution. 

The pharmaceutiGaLV active compound is administered In therapeutically 
effective amounts. A therapeutically effective amount means that amount 

15 necessary at least partly to attain the desired effect, or to delay the onset of. 
inhibit the progression of, or halt altogether, the onset or progression of the 
particular condition being treated. Such amounts will depend, of course, on the 
particular condition being treated, the severity of the condib'on and individual 
patient parameters Including age. physical condition, size, weight and concurrent 

20 treatment These factors are well known to tiiose of ordinary skill in the art and 
can be addressed with no more than routine experimentation. It is pretended 
generally that a maximum dose be used, tiiat is, the highest safe dose according 
to sound medical judgement. It will be understood by those of ordinary skill in 
the art, however, that a lower dose or tolerable dose may be administered for 

25 medical reasons, psychological reasons or for virtually any other reasons. 

The detailed description herein demonstrates that biodegradable 
microspherical particles prepared by crosslinking an emulsion of albumin and 
high molecular weight dextran sulphate exhibit strong anion exchange properties. 
30 These microspheres have a high loading capacity for the cationic drugs DOX 
andCDDP. Th release profiles of DOX from th se microspheres can be vari d 
by either altering the percentage loading or treating the drug-loaded 
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microspheres with Fe(lll), whil the releas profiles of CDDP can be varied by 
treating the drug-loaded microspheres with chitosan. This diversity in release 
profiles offers promise for using these microspheres in the clinical treatment of 
tumours. 

5 

Throughout this specification and the claims which follow, unless the 
context requires othenwise, the word "comprise", or variations such as 
"comprises" or "comprising", will be understood to imply the inclusion of a stated 
integer or group of integers but not the exclusion of any other integer or group 
10 of integers. 

Further features of the present invention are more fully described in the 
following Example(s)= It is to be understood^ however, that this detailed 
description is included solely for the purposes of exemplifying the present 
15 invention, and should not be understood in any way as a restriction on the broad 
description of the invention as set out above. 

In the accompanying drawings: 

20 Fig 1 shows the release profile of maximally loaded A-DMS (DOX 

payload of 78%) eluted with PBS using the continuous metiiod and comparisons 
with ion-exchange resin (DOX payload of 63%) and free drug. Each procedure 
used 1 mg of DOX. 

25 Fig 2 shows tfie release profile of maximally loaded A-DMS (DOX payload 

of 80%) eluted with PBS using the discontinuous method and comparison witii 
ion-exchange resin (DOX payload of 61%). Each procedure used 1 mg of DOX. 

Fig 3 shows the cumulative release of DOX from microspheres eluted 
30 with PBS using continuous mettiod. Concenti^tions detemiined by UV 
absorption. 
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Fig 4 shows the release profiles of sub-maximaliy loaded A-DMS (DOX 
payloads of 20-60%) eluted with PBS showing fTect of reduced loadings on 
"burst release" as determined by the discontinuous method. Each procedure 
based on 1 mg of DOX. 

5 

Fig 5 shows the release profiles of maximally loaded A-DMS (DOX 
payload of 80%) before and after iron treatment. Microspheres were eluted virith 
PBS using the continuous method. Each procedure used 1 mg of DOX. 

10 Fig 6 shows the release profiles of A-DMS (DOX payload of 50%) eluted 

with PBS showing effect of treatment of iron at different Fe (III) to DOX ratios as 
detennined by the discontinuous method. Each procedure used 1 mg of DOX. 

Fig 7 shows the plasma levels of doxorubicin in patients receiving 
15 treafrnents of free DOX and DOX-loaded iron-treated A-DMS (1 mg/kg patient 
body weight). 

Fig 8 shows the release profiles of Fe- and Cu-treated DOX-loaded IE 
resins using PBS containing EDTA as release medium. 

20 

EXAMPLE 1 

This Example demonstrates a technique for the manufacture of a 
degradable drug-complex system incorporating doxorubicin. 

25 

A. Materials and Methods 

Bovine serum albumin was manufactured by Commonwealth Serum 
Laboratories, Melboume. Australia. Dextran sulphate sodium salt (molecular 
weight 500,000) was obtained from Sigma (Ohio, USA). Doxorubicin was kindly 
30 provided by Farmitalia, Sydney, Australia. Ion-exchange resin, Aminex 
AG50WX4 (32.5±2.5pm in diameter) from Bio-Rad was purified by washing with 
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HCI and NaOH solutions and distilled water. All other chemicals used w re 
analytical reagents. 

Synthesis of albumirhdextmn sulphate microspheres (A-DMS), 
5 Bovine serum albumin (0.4 g) was dissolved in 1 .6 ml of 1 mM phosphate 

buffer. pH 7.5. containing 0.1% sodium dodecyl sulphate and then was mixed 
with 2 ml of 20% (wA/) dextran sulphate sodium salt to form the disperse phase. 
The disperse phase was emulsified using a Silverson Mixer (Silverson Machines. 
Chesham, Bucks, UK) in 100 ml of olive oil at a stirring speed of 720 rpm at 

10 room temperature. An aqueous solution of glutaraldehyde (10% w/v. 400 i/l) 
was added to the emulsion which was stinred for 1 h to crosslink the albumin 
and solidify the microspheres. The microspheres were isolated and washed with 
light petroleum (X3), isopropanol (X2) and distilled water containing 0.1% Tween 
80 (X2). After centrifugation microspheres were filtered through a nylon mesh 

15 (63 Ami) and Cstainless steil si a'tR). Microspheres within thesize range 
20-63 Ami were washed with isopropanol (X2) then dried at 37**C in an incubator 
for 48 h. They were stored at 4'*C in a desiccator until used. 

Drug loading, 

20 To obtain maximal loading the A-DMS. typically 20 mg, were treated with 

100 A/I of ethanol and washed with 3 ml of water to swell the microspheres. The 
swollen microspheres were then mixed with 2 ml of DOX solution (10 mg/ml) at 
4*'C for 18 h in darkness. The microspheres were washed 3 times with 2 ml of 
water and the degree of loading was determined from tfie depletion of the DOX 

25 solution and the amount of DOX in the rinses. For less than maximal loading 
(20-60%) the calculated amount of DOX was mixed with the swollen 
microspheres for periods from 10 min to 1 h during which time uptake was 
greater than 99% and the red loading solution became almost colouriess. DOX 
levels were determined by their UV absorption at 495 nm. 

30 
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Treatment of DOX-loaded A-DMS with iron. 

A typical procedure to obtain maximal complexing with iron was as 
follows. The DOX-loaded A-DMS containing 10 mg of DOX were suspended in 
1 ml of water and 200 /A of 0.1 mol/l Hepes buffer (pH 7.0) was added followed 
5 by 200 /il of 0.1 mol/l FeS04-7H20. The suspension was mixed for 5 min as the 
microspheres changed in colour from a deep red to a brown-black and the 
treated particles were then washed with water (3X3 ml) to remove buffer and 
excess FeSO^. Iron-treated DOX microspheres were also prepared using a 
range of Fe to DOX ratios (1:1, 1:3, 1:6, 1:9, 1:12) in order to detennine the 
10 effect of the degree of complexing on the release rate. 

Release studies. 

!n vit^ release of DOX from A=DMS was assessed using either a 
continuous flow system or a discontinuous system. For the flow system, 

15 microspheres containing DOX or iron-treated DOX (usually 1 mg of drug) were 
immobilised on a glass column and eluted at a rate of 5 ml/h with phosphator 
buffered saline (PBS) with a composition of 0.15 mol/l NaCI, 0.05 mol/l NaH2P04, 
pH 7.0 at 37''C. Concentrations of DOX In the eluant were continuously 
monitored by UV absorption at 495 nm. For the discontinuous system DOX 

20 loaded A-DMS were mixed with 3.5 ml of PBS on a rocking mixer for 20 min. 
the microspheres were sedimented by centrifugation and the supernatant was 
aspirated and its DOX content detemiined by UV absorption at 495 nm. Fresh 
PBS was added and the cycle was repeated for up to 6 h. Portions of the eluant 
from both methods were retained for characterisation by HPLC, UV spectroscopy 

25 and atomic absorption. The HPLC was performed using conditions previously 
described^l 

B. Results and Discussion. 

Synthesis of A-DMS. 

30 Microspheres, prepared from equal amounts by weight of albumin and 

dextran sulphate w re obtained as a free flowing brown powder in yields of 32- 
40% for the diameter range 20-63 /im (sized by light microscopy). 
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Drug loading. 

The A-DMS exhibit d strong ion-exchange properties and load d similar 
amounts of DOX to the commercial anion exchange resin containing sulphonic 
acid functional groups. These loadings (calculated as gs of drug loaded/100 g 
5 of empty microspheres) were greater than for previously reported albumin based 
microspheres (see Table 1). Sub-maximal loadings, obtained by using lower 
ratios of DOX to microspheres, were achieved with greatly reduced mixing times. 
The lowest loadings used in this study (20-25%) were complete in less than 5 
min as evidenced by the total loss of colour from the initial deep red loading 
10 solution. 



TABLE 1 Comparison of payloads of albumin (alb)-based microspheres. 



Source 


% loading 


Composition 


Present invention 


78-99° 


alb-dextran sulphate 


Goldberg et ai^ 


21-46°^ 


alb-poly glutamic acid 


Cremers ef alV 


25-30^*' 


alb-heparin 


Cremers et alV 




alb 


Chen et al^"" 




alb-poly aspartic add 


Chen efa/." 


67-86° 


ion exchange resin 



DOX-loaded onto microspheres after preparation, 
loading calculated as % [drug/(drug + ms)] 



25 Release of DOX from maximally-loaded A-DMS. 

Profiles for the release of DOX from maximally-loaded A-DMS and their 
comparison with ion-exchange microspheres are shown in Figs. 1 and 2 for the 
continuous and discontinuous methods respectively. For this and for all other 
release studies performed, the two methods gave qualitatively very similar 

30 results. The release pattern for the A-DMS was characterised by an initial rapid 
loss of DOX from th microspheres followed by a more steady rel ase rate. 
During the initial phase 43% of available drug was released (calculated from 
discontinuous study). This contrasts with the ion-exchange particles which had 
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a more unrform release rate (12% released during the same time interval), in 
those experiments in which the loaded particles were repetitively xtracted until 
no further DOX was released, 85-95% of DOX was recoverable from the A-DMS 
(calculated from UV absorption at 495 nm). A graph of the cumulative release 
5 of dmg from DOX loaded A-DMS is shown in Fig.3. 

Effect of varying payloads on release rate. 

As burst release profiles are generally clinically undesirable due to 
increased toxicity, studies were perfomied which were aimed at reducing the 

10 initial high release rate from the A-DMS. The effect of reducing the loading is 
shown in Fig.4. There was a graded reduction in the burst release phenomena 
as the loadings were reduced from 60 to 20%. This led to the observation that 
tiie lowest loaded microspheres actually released at a greater rate than the 
hjgher loadings^owards the end of tiie study as tiie higher loaded microspheres 

15 were becoming drug depleted. Afthough tiie 20 and 30% loaded A-DMS 
released DOX at a steady rate, a possible disadvantage of using these loadings 
clinically would be the greater number of microspheres needed to deliver an 
equivalent amount of drug. However these low loadings still compare favourably 
with previously published values for albumin-based microspheres while exhibiting 

20 better release profiles. The most favourable loading for clinical use would need 
to be detennined experimentally, 

A likely explanation for tiiese observations of the effect of loading on tiie 
release rate is that the A-DMS contain binding sites of varying strengths. At low 
25 loadings the strongest sites would be preferentially occupied and would release 
their drug at a slower rate. At saturation loading even the weakest sites would 
be occupi^=: i and drug from th - se sites could be rapidly lost resulting in the 
"burst release". 

30 Effect of iron treatment on release rate from A-DMS. 

DOX is known to fomi compi xes with som metals in solution including 
iron (one molecule of F (III) combines with three of DOX), and it has ber n 
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shown that the release rat of DOX from ion-exchange microspheres can be 
reduced following treatm nt of th loaded microspheres with iron or copper 
solutions (see Example 4 hereunder). It was therefore decided to investigate 
whether iron treatment of DOX-loaded A-DMS would have a similar effect 
5 especially as it is well known that iron also forms a complex with dextran. 
Although in this study iron was added to the microspheres as Fe(ll), under the 
experimental conditions it is rapidly oxidised to Fe(lll) and it is this state of iron 
which is believed to complex with DOX. The effect on the release rate of 
treating maximally loaded DOX A-DMS with 1 parts iron to 1 part DOX (6-fold 

10 stoichiometric excess of iron) using the continuous flow method is shown in 
Fig. 5. The effect of treatment of 50% loaded A-DMS using a range of De to 
DOX ratios (1:1 to 1:12) was determined using the discontinuous system with 
the results shown in Fig.6. Both sets of experiments show that treatment using 
an Fe to DOX ratio of 1:3 or greater has a mariced effect on overcoming the 

15 burst release phenomenon as well as reducing the release rate relative to 
untreated microspheres. The release profiles of the Fe treated DOX A-DMS and 
the untreated DOX ion-exchange microspheres are quite similar (compare Figs.1 
and 5 or 2 and 6). 

20 To determine the amount of DOX available for release from the iron- 

treated microspheres, they were extracted with PBS over a 2 h period. Up to 
78% of loaded drug was recoverable during extraction (see Fig.3) and a further 
4-9% became available froni partial digestion of the extracted microspheres with 
papain. 

25 

Characterisation of the release product 

(a) From DOX-loaded A-DMS. 

Concentrations of DOX in release fractions were determined by both UV 
absorbance which measures all chromophores absorbing at 495 nm and 
30 by an established HPLC method, which resolves DOX from its UV 

absorbing metabolites. HPLC values for DOX were 85-95% of thos 
detemiined using total Uy absorption, although th re was no evidence of 
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any of the known DOX metabolites to account for this discrepancy. As 
5-15% of DOX on the microspheres is not readily extracted. 72-90% of 
the original payload should be available therapeutically as active DOX. 

5 (b) From iron treated DOX-loaded A-DMS. 

To detemiine whether DOX was released as a 1:3 iron-DOX complex or 
as free DOX, the release fractions were assayed for Iron content in 
addition to the above. Although iron was detected, stoichiometrically the 
amount was less than a third of that estimated for a true complex, also 

10 the complex is reported to absorb strongly at 612 nm but no significant 

absorption was observed at this wavelength for any of the release 
fractions. Even if DOX was released as an iron-DOX chelate, at the 
concentrations achieved in this study it would be expected to dissociate 
as jt has previpusly l^ii^shpwn that o^dii^qn the oomplexdissociates 

15 into its components'^ It was therefore concluded that iron treated DOX- 

loaded A-DMS releases the large majority of its "DOX" in the free form. 

By HPLC, 70-85% of the UV absorbing material at 495 nm could be 
accounted for as free DOX. Therefore, considering the amount of DOX 
20 that could be extracted from the microspheres following iron treatment. 

then 52-66% of loaded drug should be readily available as active DOX 
with the possibility of up to a further 9% being released on biodegradation 
of the microspheres. 

25 Stability of A-DMS to storage. 

A-DMS which had been stored desiccated at 4*^0 for up to 4 months 
showed similar loading and release characteristics to freshly prepared 
microspheres. DOX-loaded A-DMS which were stored at -20''C as a frozen 
suspension in water showed no degradation when used in release studies after 

30 1 month. 
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EXAMPLE 2 

In order to demonstrate the results of in vivo use of iron-treated DOX- 
loaded A-DMS prepared as described in Example 1 above, the microspheres 
5 were administered to four patients (patients R, F, C arid M) with liver cancer. 
The dose of microspheres administered was 1 mg/kg of patient body weight and 
was injected into the hepatic artery of each of the four patients. Systemic blood 
plasma levels were taken over a period of 60 minutes following the injection. 
The results are shown in Fig.7 and indicate that virtually no doxorubicin was 

10 detectable in the systemic circulation following injection of the DOX-loaded A- 
DMS into the hepatic artery. One patient (patient C) also had free doxorubicin 
injected into the hepatic artery, following which high levels of the drug were 
found in the systemic circuiaticn. These results demonstrate that A-DMS-bcund 
doxorubicin is retained in the target organ into which the microspheres are 

15 delivered. 

EXAMPLE 3 

This Example demonstrates a technique for the manufacture of both 
20 degradable and non-degradable drug-complexes using DOX, as well as an v 
therapeutic evaluation of the DOX-loaded complexes. 

Polystyrene-divinylbenzene based ion exchange resin (IE resin, 32.5±2.5 
/m) and albumin-dextran sulphate microspheres (A-DMS, 29.4±8.0 fim) were 

25 chosen as drug carriers for DOX, IE resin was purified by washing with HCI and 
NaOH solution and deionised water. DOX was loaded onto ion-exchange 
microsphere resin using a batch manufecturing process. Briefly, prepurified ion 
exchange resin was mixed with pure DOX solution (10 mg/ml) in a 1:1 ratio by 
weight, at room temperature overnight The DOX-loaded IE resin microspheres 

30 were then separated from the drug supernatant by cerrtrifugation and washed 
twic witti deionised water befor b ing resuspended in a known volume of 
deionised water 
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The techniqu described in Example 1 was used to formulate th DOX- 
ioaded A-DMS microspheres. 

The drug release studies of both IE resin and A-DMS with and without 
5 metal ion complexation were conducted using either a continuous system with 
constant elution or a discontinuous system with batched elution with phosphate 
buffered saline (PBS) as the release medium. 

In order to assess the therapeutic effect of the drug-loaded microspheres. 

10 testing was perfomied using WAG male rats with colonic carcinoma implanted 
in their livers. Eight days after tumour implant, rats were randomly divided into 
groups with minimum 5 rats per group. The rats received treatments of free 
DOX soiuticn or different microsphere systems via hepatic artery Burninistratlon 
at a dos e of 2.5 mg/kg. One we ek a fter the treatment, a ll anim als were 

15 sacrificed, their livers removed and tumour weight measured. During the 
treatment period, the body weights of animals were monitored regularty. The 
statistical analysis of significant difference between groups was conducted using 
analysis of variance for comparing multiple samples with unequal size. 

20 Both IE resin and A-DMS show fevourable high loading capacities for 

DOX. with maximum loading of 67-86% (mg DOX/100 mg empty microspheres) 
and 75-100% respectively. This is believed due to a similarity in functional 
groups between the two microspheres with IE resin possessing a sulphonic acid 
group and A-DMS. a sulphate group. Thus, tiiey fomi ionic binding with cationic 

25 amine groups in DOX molecules resulting in high drug loading. 

IE resin and A-DMS show very different release characteristics despite 
that they have similar drug loading capacities. IE resin provides a slow and 
constant drug release, whereas A-DMS displays a burst release alttiough its 
30 level is very much lower than that of free DOX in solution. This could be caused 
by th weak ionic Interaction between DOX and sulphate group in A-DMS. 
Howev r. tiie sam microspheres after treatm nt with ferric ion (F : D0X=3:1 
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molar ratio) released DOX much slow r with almost no burst rel as . The 
release profiles of th Fe treated DOX A-DMS and untreated IE resin are quit 
similar. 

5 It was also found that both Fe and Cu could fonn complexes with DOX 

loaded IE resin MS resulting in slower and versatile drug release as shown in 
Fig.8 with PBS containing EDTA as release medium. Thus, Fe treatment has 
provided a means of reducing the burst release and providing versatile controlled 
release profiles without affecting the drug loading. 

10 

FTIR studies of these microspheres indicate that the chemical interaction 
between DOX and metal ions has occurred resulting in the fomnation of 
complexes which delayed the release of DOX. Comparison of UV and HPLC 
^measurement of release Jrac^ons of th^Fe-treated DOX^-DMS^ indicates that 
15 70-85% of DOX is released in its native fomi. AA analysis detected only trace 
iron, equivalent to 3-6% for a true complex. It is speculated that dissociated Fe 
may interact more strongly with the sulphate groups, and tiierefbre stay on 
microspheres, while DOX is released into the medium. 

20 Table 2 summarises the results obtained when three types of 

microspheres were examined for DOX delivery. It will be seen that the 
maximum drug loadings were similar for all three types, however tiiey differ 
greatly in drug release and A-DMS release drug 3-4 times faster than the otiier 
two types. Both IE resin and FE-treated A-DMS release slowly and relatively 

25 constantiy, however IE resin is non-degradable. In terms of reduction of tumour 
growth, in comparison to free DOX treatinent the Fe-treated A-DMS exhibited 
most effectiveness at the significant level of p<0.05. 
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TABLE 2 Summary of microsphere syst ms. 



Microspheres 


% Drug loading 
(mg/100mgMS) 


Drug 
Release 


Biode- 
gradability 


Tumour Growth (%) 
MS/FreeDOX 


IE resin 


67-86% 


+ 




60% 


A-DMS 


75-100% 


+++ 


+ 


102% 


Fe-A-DMS 


75-100% 


+ 




38% 



This study clearly demonstrates the importance of sustained drug release 
in improving the therapeutic efficacy of DOX. The use of Fe complexatioh with 
DOX significantly Improved the degree of control of drug release and suppressed 
10 the burst release of drug firom microspheres v\^hlle maintaining the favourable 
dnjg loading. This results In important enhancement of DOX therapeutic 
efficacy, demonstrating that the concept of using drug-metal ion interactions is 
-therapeutically most effective for^treatlng-cancer-when the drug complex Is 
administered as regional chemotherapy. 

15 

EXAMPLE 4 

This Example demonstrates the application of the concept of drug-meta! 
ion complexation to the fonnulation of sustained release systems for metal 
20 based drugs. Here, the metal based drug, cisplatin. is complexed with the 
polymer matrix albumin-dextran sulphate and chitosan. 

Cisplatin was loaded onto polystyrene-divinylbenzene based Ion-exchange 
resin (IE resin) using the same batch manufacturing process as described In 
25 Example 3 except 1 mg/ml pure cisplatin solution was used to mix with the resin. 

To obtain cisplatin-loaded A-DMS. the albumin/dextran-S04 microspheres 
prepared by the metiiod described in Example 1 were wetted with 2% ethanol 
before being mixed with an equal amount of cisplatin solution (1 mg/ml) 
30 overnight at room temperature. Th incorporation of cisplatin into A-DMS was 
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accomplished aft r separation of unbound drug from microspheres by 
centrifugation and subsequ nt washing of microspheres with d ionised water. 

CDDP-loaded IE resin and A-D!VIS were mixed with 1.5% chitosan 
5 solution (In 5% acetic acid) in 1 :5 ratio by weight (cisplatin:chitosan) overnight 
at room temperature. The microspheres were then washed with deionised 
water, centrifuged and used immediately for the release studies. 

The two microsphere formulations exhibited very different release profiles 
10 although they had the similar load of CDDP (45.7±8.7% and 46.1±12.4% 
respectively). IE resin released the drug markedly faster with approximately 
60% of cisplatin released In the first 5 hr. In comparison. A-DMS only had 
nearly 20% of CDDP released in the same penod. The treatment of 

microspheres with=chitosan^delayed.the.release,of,CDDeJ!Bm JE resin in its 

1 5 later release phase but showed almost no effect on the initial release kinetics of 
A-DMS when measured using a continuous flow-through release system. It did. 
however, suppress the initial burst release of cisplatin from A-DMS in a closed 
release system. 

20 Persons skilled in this art will appreciate that variations and modifications 

may be made to the invention as broadly described herein, other than those 
specifically described without departing from the spirit and scope of the 
invention. It is to be understood that this invention extends to include all such 
variations and modifications. 

25 
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CLAIMS: 

1. A controlled release preparation comprising an ionic polymer matrix 
loaded wrtii an active compound, said active compound being complexed 
with a complexing agent to modify the release of the active compound 
from the polymer matrix. 

2. A preparation according to claim 1, wherein the ionic polymer matrix is in 
the fomri of microspheres. 

3. A preparation according to claim 2, wherein the microspheres have a 
diameter in the size range of 10-200 micron, preferably in the size range 
of 20-70 micron. 

4. A preparation according to claim 1, wherein the active compound is a 
pharmaceutical^ active compound. 

5. A preparation according to claim 4, wherein the pharmaceutically active 
compound is a cytotoxic or cytostatic drug. 

6. A preparation according to claim 5, wherein the cytotoxic or cytostatic 
drug is doxorubicin, daunorubicin or cisplatin. 

7. A preparation according to claim 1, wherein the ionic polymer matrix 
comprises a biodegradable crosslinked albumin/dextran sulphate matrix. 

8. A preparation according to claim 1 wherein the complexing agent is a 
metal ion. 

9. A preparation according to claim 8, wherein the metal ion is Fe. 
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10. A preparation according to claim 1. wherein the ionic polymer matrix is 
selected from a crosslinked albumin/dextran sulphate matrix and a 
polystyrene-divinylbenzene based ion exchange resin, and the ionic 
polymer matrix is loaded with Fe-complexed d(»corubicin. 

11. A preparation according to claim 1 . wherein the ionic polymer matrix is 
selected from a crosslinked albumin/dextran sulphate mafrix and a 
polystyreneKJivinylbenzene based ion exchange resin, and the ionic 
polymer matrix is loaded with chrtosan-complexed cisplatin. 

12. A phamiaceutical composition comprising a confrolled release preparation 
according to any one of claims 1 to 11 wherein the active compound is 
a phamiaceutically active compound, together with a pharmaceuiicaliy 

~ acceptable-carrier-and/or-diluent — = - 

13. A method of freatment of a human or animal patient, which comprises 
adminisfration to the patient of a therapeutically effective amount of a 
confrolled release preparation according to any one of claims 1 to 11 
wherein the active compound is a pharmaceutically active compound. 

14. A method according to claim 13. wherein said confrolled release 
preparation is administered parenterally. preferably infraarterially or 
intravenously. 

15. Use of a confrolled release preparation according to any one of claims 1 
to 11 wherein the active compound is a pharmaceutically active 
compound, in the manufacture of a phamiaceutical composition for use 
in tiie treatment of a human or animal patient 
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